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This invention relates to copolymers from allyl 
esters and methacrylic esters and to composi- 
tions comprising said copolymers dissolved in 
hydrocarbon fiuids having a waxy pour point. 
For some rime if bas been known that oils may 
be thickened by dissolving therein-resinous or 
polymeric material. In some instances composi- 
tions are thus produced which bave improved 
properties as to change of viscosity with tem- 
perature. Some polymeric materials raise the 
pour point of liquid hydrocarbons, others bave no 
effect on this proporty, and still others may de- 
press the pour point. This last effect bas not 
been predictable. 
We bave observed that polymers of allyl ste- 
arate, allyl palmitate, methallyl laurate, allyl 
octoate, allyl butyrate, and the like on the one 
hand, and on the other hand nonyl methacrylate, 
octyl methacrylate, cetyl methacrylate, stearyl 
methacrylate, and the like, or mechanical mix- 
tures of individual polymers of such esters are 
ineffective in depressing the pour point of wax- 
contairdng oils. It was, therefore, a distinctly 
unexpected result fo discover that specific 
polymers of (A) an ester of allyl, 2-chloroallyl, 
or 2-methallyl alcohol and a saturated aliphatic 
monocarboxylic acid having a chain of sixteen 
to twenty-four carbon atoms and (B) an ester 
of methacrylic acid and a saturated aliphatic 
alcohol having a chain of six to twelve carbon 
atoms are effective pour point depressants. In 
the specific copolymers based on these particular 
esters, the two types of esters must be copoly- 
merized within proportions varying from two 
moles of the former (A) per mole of the latter 
(B) to one mole of the former (A) per a number 
of moles of the latter (B) which iç one third of 
the number of carbon atoms in the longest chain 
in the methacrylic ester. 
There may thus.be copolymerized one molec- 
ular proportion of an allyl ester of a long-chained 
fatty acid, such as allyl palmitate, allyl mar- 
garate, allyl stearate, allyl tetracosanate, or the 
equivalent, with, for example, one hall up to 
two moles of hexyl methacrylate. Suitable pro- 
portions of such an allyl ester and dodecyl meth- 
acrylate are one mole of the former to one hal 
up to four moles of the methacrylate. 
In place of the above named allyl esters other 
allyl carboxylates having a carbon chain of six- 
teen to twenty-four carbon atoms may be used. 
In place of the allyl group there may be used 
with the same effect the methallyl, 
CH2C(CH3) CH 
or chloroallyl, CI-I-CC1CHï--, groups. These 
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allyl ester are prepared by known methods, such 
as direct esterification of alcohol with acid or 
anhydride, or as the use of an acyl halide. 
The useful allyl esters are defined by the for- 
 5 mula 
. Cï-!--C (1) CIOCOI 
where P is hydroen,  methyl roup, or chlo- 
fine, and R" is an alkyl roup havin a chain 
10 of fifteen fo twenty-three crbon atoms. 
The methacrylic esters are likewise available 
throuh known methods. The suitable esters 
have the formula 
CH2C (CH3) COOR 
15 
where I is an alkyl group having a carbon chain 
 of six fo twelve carbon atoms. The alkyl group 
may be of straight or branched-chain structure. 
With branching groups the longest single chain 
determines the upper proportion of methacrylic 
20 ester which is copolymerized with an allyl car- 
boxylate to give a pour point depressant. Thus, 
since the n-hexyl group, the 2-ethylhexyl group 
and the 3,5,5-trimethylhexyl groups all have the 
same length of chain and all give much the same 
25 result, the methacrylic esters containing these 
groups have the same upper limits for produc- 
tion of effective copolymers. 
In the preparation of the copolymers one or 
more of the defined allyl esters and one or more 
30 of the defined methacrylic esters are mixed in 
an inert organic solvent and polymerized by 
heating with an organic peroxide. Solvents such 
as benzene, toluene, xylene and naphtha are 
particularly suitable. Temperatures of 70 ° C. to 
35 160 ° C. are useful. After the copolymer has 
been formed in solution, it may be taken up in 
a mineral off and the solvent eliminated by heat- 
ing tmder reduced pressure. 
Useful catalyst include acetyl peroxide, caproyl 
40 peroxide, lauroyl peroxide, benzoyl peroxide, di- 
benzoyl peroxide, di-tert.-butyl diperphthalate, 
tert.-butyl perbenzoate, 2,2-bis(tert.-butyl-per- 
oxy)butane, methyl ethyl ketone peroxide, 
tert.-butyl peroxide, and tert.-butyl hydroper- 
45 oxide. Cne or more of such catalysts may be 
used in amounts of 2% to 15% of the weight 
of esters to be copolymerized. The catalyst is 
desirably added ïrom rime to rime as copoly- 
50 merization proceeds. While copolymerization 
may usually be started with a low concentration 
of peroxide, such as 2% of the weight o£ the 
mixed monomers, it is desirable "to add peroxide 
from rime to rime up to a total of 15% or more 
55 in order to promote copolymerization within a 
reasonable rime and in good yield. 
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Presence of an inert atmosphere fs very desir- 
able during copolymerization. This may be ac- 
complished by flushing the reaction vessel with 
an inert gas, such as nitrogen, or blanketing the 
reaction mixture with the vapors of a volatile, 5 
inert organic solvent. 
Useful procedures for preparing copolymers of 
this invention are shown in greater detail in the 
illustrative examples which follow. 
Example 1 10 
A mixture was prepared from 70 parts by 
weight of toluene, 17 parts of enzoyl peroxide, 
70 parts of allyl stearate, and 144 parts of dodecyl 
methacrylate. About 50 parts of this mixture t5 
was placed in a reaction vessel which was swept 
out with nitrogen, stirred, and heated to 100 ° 
C. In about rive minutes copolymerization began 
and the rest of the mixture was added thereto 
in small increments over the course of two hours. 20 
At the end of the third hour and again at the 
end of the fourth hour a batch of 5 parts of 
benzoyl peroxide was added. After six hours 
200 parts of toluene was added and after 6.3 
hours there was added two parts of benzoyl 25 
peroxide in 50 parts of toluene. After 6.3 hours 
0.8 part of benzoyl peroxide was added. 
The total reaction rime was about eight hours. 
There was obtained a solution containing 38.2% 
.of copolymer in a yield of 89%. The viscosity of 30 
a 30% solution in toluene was 141.8 cs. at 100 ° F. 
Example 2 
A mixture was prepared from 5 parts of allyl 
tetracosanate, 15 parts of dodecyl methacrylate, 35 
î0 parts of toluene, and i part of benzoyl peroxide 
was heated under nitrogen in a reaction res- 
sel. After.two hours af 105°-110 ° C. there was 
added 0.4 part of benzoyl peroxide in one part 
of toluene. After 4.5 hours the temperature was 40 
maintained at 101°-104 ° C. during the test of 
the. heating period. At the end of the flfth, 
sixth» and seventh hours there was added 1.25, 
.0.4, and 0.2 parts of benzoyl peroxide respec- 
tively, each addition being in toluene, tteating 
was discontinued after eight hours. The prod- 45 
uct was 23.1% solution of copolymer, correspond- 
ing 5o a yield of 90.1% on the weight of mono- 
meric esters used. 
The. copolymer was transîerred to a light 
petro]eum oil by mixing the toluene solution with 50 
off and .heating the mixture under reduced pres- 
sure. Final heating was done at 140 ° C./2 mm. 
There was "hus obtained a 35% solution of the 
copolymer in oil. This concentrate was useful 
.for additioa to other oils in proper proportion 55 
to give compositions of reduced pour point. A 
0.5% solution of this copolymer in a 150 Pennsyl- 
vania neutral having a 25 ° F. pour point reduced 
thepour point to --5 ° F. 
60 
Exarple 3 
There were .mixed 60 parts of allyl palmitate, 
45 parts of isoheptyl methacrylate, 25 parts of 
toluene, and 5 parts of benzoyl peroxide. This 
mixture was added during the course of about 65 
gwo hours to a reaction vessel equipped with a 
stirrer, flushed with nitrogen, and heated at 
119 ° C.. The temperature was allowed to fall 
Fo 109 °. C .and after three hours 2 parts of 
ï0 
bënzoyl peroxide was added. During the test 
o2 'the copolymerization rime the temperature 
Wàs-kept between 95 ° C. and 104 ° C. At the end 
of four hours 5 parts of benzoyl peroxide in 8.7 
parts of toluene was added. Af the end of rive 75 
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hours 2 parts of benzoyl peroxide in 8.7 parts of 
toluene was added. At the sixth hour 0.8 part 
of benzoyl peroxide was added and af the sev- 
enth hour 108 parts of toluene. Heating was dis- 
continued ten minutes later. The copolymer con- 
tent of the solution was 42.4 %, corresponding to 
a yield of 97.5%. The viscosity of a 30% solu- 
tion of the copolymer was 15.7 cs. at 100 ° F. 
A 0.5% solution of thii coploymer in a 150 
Pennsylvania neutraI o a normal ÷25 ° F. pour 
point had a reduced pour point of --30 ° F. 
Example 4 
A mixture of 65 parts of methallyl stearate, 
35 parts of 3,5,5-trimethylhexyl methacrylate, 
and 8 parts of benzoyl peroxide was gradually 
added tou reaction vessel which was swept out 
with nitrogen. The reaction vessel was heated 
to 115°-120 ° C. At the end of three hours a 
solution of 3.2 parts of benzoyl peroxide in. 8.7 
parts of toluene was added and heating was con- 
tinued at 113 ° C. for 1.2 hours. The tempora- 
ture was then dropped to !02 ° C. and 8 parts of 
benzoyl peroxide in 17.4 parts of toluene was 
added. At 5.5 hours 3.2 parts of benzoyl peroxide 
in 8.7 parts of toluene was added. At 6.5 hours 
1.3 parts of benzoyl peroxide in 8.7 parts of 
toluene was added and the temperature was 
raised to 108 ° C. Af 7.5 hours 56 parts of toluene 
was added and 10 minutes later heating was 
continued. The product was a 50.5% solution 
of copolymer, corresponding to a yield of 95.9%. 
The viscosity of a 30 % solution of the copolymer 
in toluene was 3.4 cs. at 100 ° F. 
Example 5 
The above procedure was repeated with 36.5 
parts of allyl palmitate and 63.5 parts of n-octyl 
methacrylate (a 1:2.6 mole ratio). A total of 
two parts of benzoyl peroxide and 17 parts of 
totuene were used in ail The copolymerization 
was carried out at 80°-81 ° C. during the course of 
16 hours. The yield was 60% of copolymer in 
a 45% toluene solution. 
Example 6 
A mixture of 51.5 parts of 2-chloroallyl 
stearate and 48.5 parts of dodecyl methacrylate 
in 50 parts of toluene containing 0.5 part of 
benzoyl peroxide Was heated at 112°-120 ° C untfl 
copolymerization had started. The mixture was 
then heated af 103 ° C. and increments of benzoyl 
peroxide and toluene added from rime to rime, 
2 parts of the peroxide and 100 parts of toluene 
in all being used. 
The produc obtained was a 46.7% solution of 
copolymer of a 1:1.25 ratio-in a yield of.81.8%. 
The viscosity of a 30% solution of copolymer in 
toluene was 176.9 cs. ai 100 ° F. 
Example 7 
A mixture of 59.2 parts of allyl palmitate, 40..8 
parts of n-hexyl methacrylate, 50 parts of toluene, 
and 1.5 parts of benzoyl peroxide was heated àt 
110°-118 ° C. until after copolymerization had 
started and then ai 100°-105 ° C. until the end of 
the eight hour heating period. Benzoyl peroxide 
and toluene were added from rime to rime as in 
previons examples. The yield of copolymer was 
93% in a 33% solution. ' 
The copolymers of long-chained allyl esters and 
methacrylic esters, the preparation of which bas 
been described and illustrated in ihe above ex- 
amples,were diææolved in several kinds of lubri- 
cating oils and the effect on the pour point of 
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the solutions of copolymer in oil determined. 
The standard A. S. T. M. pour test (D97--47) was 
usually followed. It was supplemented in some 
instances with shock chilling and maximum pour 
tests. The maximum pour test is described in 
Proc A. S. T. M. 45, Appendix I, p. 245 (1945). 
The shock chilling determinations is marie by ob- 
serving the test sample during the initial cooling 
step with the cooling jacket ai 
The oils used in these determinations were Oil 
I, a 150 Pennsylvania neutral having a pour point 
of ÷25 ° 1. and a viscosity index of 106.9, Oil II, 
an S. A. E. 90 gear oil compounded from 30 parts 
of a 180 Pennsylvania neutral and 70 parts of a 
150 Pennsylvania bright stock, also having a pour 
point of ÷25 ° P., and Oil III, a 500 Mid-Continent 
solvent-extracted neutral, S. A. E. 30, having a 
pour point of ÷25 ° 1. The resPonse of these oils 
fo small amounts of copolymers of this invention 
is reported in the following paragraphs. 
A copolymer from one mole of allyl stearate and 
1.34 moles of 2-ethylhexyl methacrylate was dis- 
solved in an amount of 0.5% in Oil I. The pour 
point of this solution was --25 ° F. Ai 0.25% this 
copolymer depressed the pour point of Oil I fo 
--20 ° F. In Oil II ai 0.1% it depressed the pour 
point ai 10 ° F. In Oil III the pour point of a 
0.5% solution of copolymer was determined under 
shock chilling, the jacket temperature being 
_60 o 1. The pour point thus round was --5 ° 
Comparable data were obtained for a copoly- 
mer from one mole of allyl stearate and two moles 
of 2-ethylhexyl methacrylate. On the other 
hand, a copolymer formed from one mole of allyl 
stearate and 2.5 moles of 2-ethylhexyl meth- 
acrylate was ineffective. 
A copolymer was prepared from one mole of 
allyl stearate and 1.5 moles of dodecyl methacry- 
late. A 30% solution of the copolymer in toluene 
had a viscosity of 30 cs. ai lo0 ° F. When dis- 
solved in waxy oils, if gave marked lowering of 
the pour point in all cases. In Oil I ai 0.5% the 
pour point was lowered to --25 ° 1., at 0.25% to 
--25 ° 1., and ai 0.1% to --15 ° 1. A solution of 
0.1% in Oil II had a pour point of --5 ° 1. In 
Oil III the pour point by shock chilling was 
--15 ° 1. ai a concentration of 0.1%. 
A copolymer from allyl stearate and dodecyl 
methacrylate in a 1:2.3 ratio gave pour points as 
follows: 
In Oil I ai 0.5%--35 ° 1., ai 0.1%--20 ° 1.; 
In Oil II at 0.1%÷10 ° 1.; 
In Oil ]:II ai 0.5%--20 ° 1. by shock chilling and 
÷5 ° 1. ,by the maximum pour method. Another 
copolymer from the same monomers but in a ratio 
of 1:3.7 gave a pour point in Oil I ai 0.5% of 
10 ° 1. Copolymers from these monomers in 
ratios of one to more than four are either ineffec- 
rive or very poorly effective in reducing pour 
points. 
A copolymer from allyl stearate and dodecyl 
methacrylate in a 1:1.2 ratio, having a molecular 
size such that a 30% solution of copolymer in 
toluene had a viscosity of 103 cs. ai 100 ° 1., was 
dissolved in Oil I. The 0.5% solution had a vis- 
cosity index of 115.2 and a 2% solution had a vis- 
cosity index of 127.2. 
A copolymer from one mole of allyl tetraco- 
sanate and dodecyl methacrylate in a 1:3.6 ratio 
gave a pour point in Oil I ai 0.5% of --5 ° 1. and 
of 0 ° 1. ai 0.1% concentration. 
A copolymer from one mole of allyl palmitate 
and 1.1 moles of octyl methacrylate depressed the 
pour point of Off I ai 0.5% by 50 ° 1. Ai 0.25% 
in Oil I if depressed the pour point fo --20 ° 1. A 

6 
0.5% solution in Oil III had a pour point of 
--15 ° :. by shock chilling. 
A copolymer from one mole of allyl stearate 
and 1.2 moles of isononyl methacrylate ai 0.5% 
5 in Oil I gave a pour point of --20 ° F. In Oil ]:II 
ai 0.5% it gave a-pour point of 0 ° F. by shock 
chilling. 
A copolymer from one mole of 2-chloroallyl 
stearate and 1.25 moles of dodecyl methacrylate 
10 gave a pour point in Oil I at 0.5% of --30 ° F. and 
ai 0.25% of --25 ° F. .. 
£. copolymer from methallyl stearate and 
3,5,5-trimethylhexyl methacrylate in a 1:0.86 
mole ratio (viscosity of a 30 % solution in toluene 
15 being 3 cs. ai 100 ° F.) gäve a pour point of --15 ° 
1. ai 0.5% and --5 ° 1. at 0.25% in Oil I. A co- 
polymer from the saine monomers but in a 1:2.96 
mole ratio failed to depress the Pour points of 
the test oils. 
20 A copolymer ïrom methallyl stearate and do- 
decyl methacrylate in a 1:1.25 mole ratio (vis- 
cosity of a 30% solution in toluene being 17"/ cs. 
at 100 ° F.) gave a pour point of --30 ° F. ai 0.5%, 
--25 ° F. ai 0.25%, and --10 ° F. at 0.04% in Oil I. 
25 A copolymer from allyl palmitate and n-hexyl 
methacrylate in a 1:1 ratio and of a size impart- 
ing a viscosity of 90 cs. ai 100 ° F. to a 30% solu- 
tion in toluene was dissolved in Off I at 2%. 
This solution had a viscosity index of 138.7. A 
3O 0.5% solution in Oil I had a viscosity index of 
119.7. The pour of this solution was --10 ° F. 
A copolymer of allyl stearate and n-octyl meth- 
acrylate in a 1:1.5 mole ratio depressed the pour 
point of Off I at 0.5% to --25 ° F. and ai 0.1% 
35 to 0 ° F.; in Oil Il ai 0.1% to 10 ° F.; and Oil III 
ai 0.5% to --15 ° F. 
The copolymers of this invention are novel as 
to composition, depending both on choice of 
monomers and on relative amounts of monomers 
4O copolymerized. They are characterized by their 
ofl-solubility and their capacity to depress the 
pour points of hydrocarbon fluids which bave 
waxy pour points. They are thus effective in 
lubricating oils and other liquids from parafllnic 
45 and naphthenic stocks. Since these copolymers 
can be carried to fairly large molecular sizes, 
ranging up fo 50,O00, they may also be used to 
thicken oils and to improve viscosity-tempera- 
ture relationships. They are stable polymers and 
50 are hOt readily depolymerized by heat. They are 
compatible with other types of oil additives, such 
as anti-oxidants, extreme pressure additives, oili- 
ness agents, detergents, and the like. 
Compositions consisting essentially of a hydro- 
carbon fluid and a copolymer of this invention 
have an improved utility over that of the fluid 
alone. Where the fluid has a waxy pour point, 
this point is lowered by the presence of 0.05 % to 
5% of a copolymer as here deflned. While such 
60 effect is commonly desired for lubricating oils, 
it is hOt conflned fo such oils. The copolymers 
may also be used in fuel oils and diesel fuels 
which would otherwise have high congealing 
points. The presence of such small amounts of 
(}oE copolymer in no way interferes with the nor- 
mal functioning in these various hydrocarbon 
fluids. 
We claire: 
1. A copolymer of (A) an ester of an alkanoic 
70 acid having a chain of sixteen to twenty-four 
carbon atoms and an alcohol selected from the 
class consisting of allyl, methallyl, and 2-chloro- 
allyl alcohols and (B) an ester of methacrylic 
acid and a saturated aliphatic monohydric alco- 
76 hol having an alkyl group of six fo twelve carbon 
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atoms/the proportion .of ester (A) to eser (B) 
being defined by ratios rom one mole of.the:first 
ester fo one.,half mole of the latter up o one mole 
of the-first to a number of moles of theIatter 
 equal, to one third of the number of carbon atoms 
inthe tongest chain of the.latter. 
2. A copolymer of allyl stearate and dodecyl 
methacrylate, the ratio of the groups from the 
stearate, to the groups-from the methacrylate 
being from 1:0.5 to 1:4. 
3. A copolymer of allyl stearate and octytmeth- 
acrylate, the ratio of groups from the stearate to 
the groups from the methacrylate being from 
1:05 fo 1:2.67. 
4. A copolymer of methallyl stearate and do- 
decyl methacrylate, the ratio of groups.from the 
stearate fo the .groups from the methacrylate 
beingfrom 1:0.5 fo 1:4. 
LA VERNE N. BAUER. 
HARRY T. NEHER.. 
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